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t a b l i s h e d t h a t aluminium a l l o y s w i t h l i t h i u m a d d i t i o n s a r e v e r y a t t r a c t i v e f o r a e r o s p a c e a p p l i c a t i o n s , s i n c e t h e y o f f e r i n t e r e s t i n g combinations of h i g h s p e c i f i c s t r e n g t h and h i g h s p e c i f i c modulus / 1 / , / 2 / . Numerous s t u d i e s were c a r r i e d out i n o r d e r t o o b t a i n optimum mechanical p r o p e r t i e s by modifying s u i t a b l y ' m i c r o s t r u c t u r e s / 3 / , / 4 / , / 5 / .
Mechanical p r o p e r t i e s a r e mainly dependent on i n t e r a k t i o n s between d i s l o c a t i o n s and p r e c i p i t a t e s , e s p e c i a l l y 6' (A13Li) p r e c i p i t a t e s . Fundamental s t u d i e s were c a r r i e d o u t on A1-Li b i n a r y a l l o y s e x h i b i t i n g o n l y 6' p r e c i p i t a t e s / 6 / . We have e n t e r e d upon a
s t u d y concerning t h e i d e n t i f i c a t i o n of microscopic mechanisms which c o n t r o l t h e c y c l i c deformation of A1-Li b i n a r y a ll o y s . During f a t i g u e t e s t s , we have discovered an i n t e r e s t i n g s u b s t r u c t u r e i n hyster e s i s l o o p s corresponding t o s t r e s s i n s t a b i l i t i e s i n f a t i g u e behaviour which a r e r igorously coupled with a s t r a i n a g e hardening phenomenon. The aim of t h i s p a p e r i s t o d e s c r i b e t h i s phenomenon which i s t y p i c a l of t h e f a t i g u e behaviour of A1-Li b i n a r y a l l o y s w i t h s m a l l 6' p r e c i p i t a t e s . I n t h e l a s t p a r t of t h i s p a p e r , t h i s u n s t a b l e behaviour is compared t o t h e PORTEVIN-LE CHATELIER (PLC) phenomenon. I n a d d i t i o n , m ic r o s c o p i c mechanism t h a t c o n t r o l s t r e s s i n s t a b i l i t i e
s and s t r a i n a g e hardening a r e a n a l y s e d i n terms of i n t e r a c t i o n s between d i s l o c a t i o n s and 6 ' p r e c i p i t a t e s .
. EXPERIMENTAL PROCEDURE
Three p o l y c r y s t a l l i n e A1-Li b i n a r y a l l o y s , c o n t a i n i n g 0.7, 1.7 and 2.5 W t % r e s p e c t i v e l y of l i t h i u m were used f o r t h e p r e s e n t i n v e s t i g a t i o n . The 0.7 W t % a l l o y was h e a t e d a t 530°C f o r two hours t h e n ice-water quenched and f i n a l l y aged a t room t e m p e r a t u r e f o r s e v e r a l months. Under t h e s e t r e a t e d c o n d i t i o n s , t h e 0.7 W t % L i a l l o y was kept i n a s o l i d s o l u t i o n s t a t e a s could be i n f e r r e d by TEM o b s e r v a t i o n s and small a n g l e X r a y s c a t t e r i n g experiments. I n t h e c a s e of 1.7 and 2 . 5 W t % A1-Li a l l o y s , t h e same s o l i d s o l u t i o n t r e a t m e n t a t h i g h temperature, w a t e r quenching and a g e i n g f o r two months a t room t e m p e r a t u r e l e a d t o an homogeneous d i s t r i b u t i o n of s m a l l s p h e r i c a l 6 ' (A13Li) p r e c i p i t a t e s . The average d i a m e t e r of 6 ' p r e c i p i t a t e s i s a p p r o x i m a t i v e l y e q u a l t o 1 nm. A f t e r quenching and a g e i n g a t 150°C f o r 5 h o u r s , 1.7 and 2 . 5 W t % L i a l l o y s p r e s e n t e d a coarsened S t p r e c i p i t a t i o n w i t h a n a v e r a g e d i a m e t e r o f 4 5 nm. The a v e r a g e s i z e of 1.7 W f l p r e c i p i t a t e s was a l i t t l e h i g h e r t h a n t h a t of 2.5 W t % L i . A l l t h e s e r e s u l t s a r e i n concordance w i t h t h o s e r e p o r t e d i n / 7 / . F a t i g u e t e s t s have been c a r r i e d o u t i n a push-pull mode, i n a temperature range between room and l i q u i d n i t r o g e n t e m p e r a t u r e s . C y l i n d r i c a l samples of 70 mm l o n g w i t h a diameter of 9 mm and a u s e f u l l e n g t h of 40 mm were used i n t h i s s t u d y . The specimen deformation recorded u s i n g a MTS extensometer n o 632-276-23 w i t h a measurement l e n g t h of 25 mm. The c y c l i c deformation was c o n t r o l l e d under t o t a l o r p l a st i c s t r a i n c o n d i t i o n s u s i n g a s p e c i f i c f a t i g u e machine having a v e r y h i g h d i s p l a c ement s e n s i t i v i t y /8/. Recently t h i s t e s t i n g machine was used t o s t u d y i n t e r a c t i o n s between c r y s t a l l i n e d e f e c t s and d i s l o c a t i o n s i n t h e c a s e of f a t i g u e of p u r e aluminium / 9 / . F a t i g u e t e s t s were conducted under c o n t r o l of a PDP 11 D i g i t a l computer w i t h a l i n e a r time deformation dependence i n t h e frequency range of 0.5-10-~ Hz. Most of f at i g u e t e s t s were c a r r i e d o u t a t room temperature. However, some t e s t s were performed a t lower t e m p e r a t u r e i n o r d e r t o s t u d y t h e t e m p e r a t u r e dependence of t h e s t r e s s i n st a b i l i t y phenomenon and of t h e f a t i g u e s t r a i n a g e hardening. Low t e m p e r a t u r e t e s t s were performed by means of a c r y o g e n i c a p p a r a t u s belonging t o t h e f a t i g u e machine and t h a t was d e s c r i b e d i n r e f e r e n c e / 8 / .
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987385 2. EXPERIMENTAL RESULTS 2.1. The i n s t a b i l i t y phenomenon A t t h e beginning of t h e f a t i g u e p r o c e s s , a l l a l l o y s t e s t e d presented a cyc l i c hardening and, a f t e r a few hundred c y c l e s , t h e maximal f a t i g u e s t r e s s remained a t a c o n s t a n t v a l u e both i n t e n s i o n and compression. I n t h e c a s e of 2 . 5 W t % a l l o y aged a t room temperature, f i g u r e 1 shows t h e dependence of t h e maximal f a t i g u e s t r e s s a s a f u n c t i o n of t h e number of c y c l e s .
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FIG. 1 -Evolution of t h e maximum f a t i g u e s t r e s s v e r s u s t h e number of c y c l e s . Case of t h e 2.5 W t % a l l o y aged a t room temperature. P l a s t i c s t r a i n amplitude : AS 12 = 2.10-3. P Test a t room temperature.
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The m i c r o s t r u c t u r e of t h e cycled samples i n t h e s t a b i l i z e d s t r e s s range i s c h a r a c t e r i z e d by small b ' p r e c i p i t a t e s independently of previously ageing c o n d i t i o n s .
A s a m a t t e r of f a c t by small a n g l e X r a y s c a t t e r i n g experiments, i t was observed a d i f f e r e n t behaviour of cycled a l l o y s according t o t h e temperature of ageing. For t h e 2.5 W t % a l l o y aged a t room temperature, a c y c l i n g
up t o t h e s t a b i l i z e d s t r e s s range l e a d s t o a s l i g h t l y coarsening of b ' p r e c i p i t a t e s , t h e i r average diameter
being approximatively equal t o 1 . 5 nm. I n t h e c a s e of a n ageing a t 150°C f o r
hours (with a p r e c i p i t a t e diameter of 35nm) and d a c y c l i n g i n t h e s t a b i l i z e d stress range,a d e c r e a s e i n t h e average diameter h a s been observed. It i s d i f f i c u l t t o determine i f t h e decrement i n average diameter i s due t o t h e s h e a r i n g of rf' p r e c i p i t a t e s o r t o a new p r e c i p i t a t i o n from t h e s o l i d s o l u t i o n which can be
favoured by a h i g h vacancy production during t h e c y c l i c deformation. These two mechanisms can be probably involved during t h e c y c l i c process.
The u n s t a b l e phenomenon described h e r e i n has been mainly s t u d i e d i n t h e s t a b i l i z e d s t r e s s range where no e v o l u t i o n of f a t i g u e loops could be d e t e c t e d .
Figures 2 and 3 show t h e s t a b i l i z e d f a t i g u e loop f o r 2.5 W t % L i and 1.7 W t % L i a l l o y s r e s p e c t i v e l y . These two a l l o y s were aged a t room temperature and a t 150°C f o r two hours r e s p e c t i v e l y . Then, they were cycled a t a p l a s t i c s t r a i n amp l i t u d e A E 12 of 2.
I n t h e p l a s t i c range of t h e f a t i g u e loop, s u c c e s s i v e drops
i n t h e f a t i g u e s t r e s s could be observed which a l s o seemed t o appear p e r i o d i c a l l y . T k amplitude of s t r e s s i n s t a b i l i t i e s i n c r e a s e d p r o g r e s s i v e l y a t t h e beginning of t h e p l a s t i c range ( f i g . and 3) up t o a maximum v a l u e . This maximum value, a , and t h e i n c r e a s e of t h e time between two s u c c e s s i v e s t r e s s i n s t a b i l i t i e s , A t , ( t h e s e two va-
l u e s a r e defined on f i g u r e 3) depended on t h e coupling of t h e f a t i g u e machine w i t h t h e p h y s i c a l phenomenon r e s p o n s i b l e f o r t h e u n s t a b l e behaviour. Therefore, v a l u e s of t h e i n s t a b i l i t y amplitude cannot be discussed q u a n t i t a t i v e l y b u t o n l y i n a q u a l i t a t iv e way. 
FIG. 2 -S t r e s s i n s t a b i l i t i e s i n s t a b i l i z e d
f a t i g u e loops of t h e 2.5 Xt % A1-Ci a l l o y aged two months a t room temperature. Plast i c s t r a i n amplitude :&,,I2 = 2 . 1 0 -~. Test frequency : 0.01 Hz. Test conducted a t room temperature.
-S t r e s s i n s t a b i l i t i e s i n s t a b i l i z e d f a t i g u e l o o p s of t h e 1.7 W t % A1-Li a l l o y aged f i v e h o u r s a t 150°C. F a t i g u e c o n d i t i o n s
Tot01 Strain & a r e i d e n t i c a l t o t h o s e r e p o r t e d i n F i g . 2 .
C o n d i t i o n s f o r t h e i n s t a b i l i t y phenomenon We have n o t e d t h a t s t r e s s i n s t a b i l i t i e s c o u l d b e o b s e r v e d under t h e f o l l owing e x p e r i m e n t a l c o n d i t i o n s :
1. At room t e m p e r a t u r e , t h e a p p e a r a n c e of i n s t a b i l i t y r e q u i r e s t h a t cumulat i v e p l a s t i c s t r a i n cpc b e e q u a l t o 0.1 (cpc i s g i v e n byEp = 4N(AcD/2), where N is t h e number of c y c l e s and& / 2 i s t h e p l a s t i c s t r a i n a m p l i t u d e ) f o r b o t h t h e 1.7 W t %
L i and 2 . 5 W t % L i a l l o y s , i n d e p e n d e n t l y o f t h e a g e i n g t e m p e r a t u r e . During f a t i g u e t e s t s no p r o p a g a t i o n of s l i p bands were v i s i b l e t o t h e naked eye. On t h e o t h e r hand, t h e b e g i n n i n g of s t r e s s i n s t a b i l i t i e s c o r r e s p o n d s w i t h a v e r y s t r o n g l o c a l i s a t i o n of t h e d e f o r m a t i o n on a s i n g l e s l i p system i n e a c h g r a i n of t h e p o l y c r y s t a l l i n e s p e c imen.
I n f i g u r e 4 l i g h t micrographs show s l i p l i n e s a t t h e sample s u r f a c e , obt a i n e d a f t e r d i f f e r e n t numbers of f a t i g u e c y c l e s . During t h e f i r s t f o u r t h p a r t of t h e f i r s t c y c l e , t h r e e d i f f e r e n t s l i p systems a r e a c t i v a t e d i n a l l g r a i n s . However, o n l y one s i n g l e s l i p l i n e system i s g e n e r a l l y o b s e r v e a f t e r s e v e r a l f a t i g u e c y c l e s ; t h e n , t h e b e g i n n i n g of t h e s t r e s s + s t a b i l i t y phenomenon i s c h a r a c t e r i z e d by t h e i n it i a t i o n of v e r y c o a r s e and r e g u l a r l y spaced s l i p bands. T h i s s l i p band s t r u c t u r e becomes independent of t h e c y c l e number a s t h e s t a b i l i z e d s t r e s s r a n g e i s r e a c h e d .
The i n v e s t i g a t i o n of c o r r e s p o n d i n g b u l k m i c r o s t r u c t u r e s b y t r a n s m i s s i o n e l e c t r o n microscopy ( f i g u r e 4b) s h o w s t h a t t h e r e a r e d i f f e r e n t wholes of v e r y f i n e s l i p l i n e s t h a t a r e p e r h a p s i n t h e b e g i n n i n g o f t h e c o a r s e s l i p band. These f i n e s l i p l i n e s a p p e a r c l e a r l y i n f i g u r e 4 a l t h o u g h t h e y seem t o b e n o t s o marked a s t h o s e d e s c r i b e d i n r e f e r e n c e /lo/. Moreover, i t i s n o t i c e d t h a t no c o a r s e n i n g e f f e c t e x i s t s on t h e s i d e of t h e s l i p l i n e and t h a t no d i f f e r e n c e can be o b s e r v e d i n t h e 6' p r e c ip i t a t e d i s t r i b u t i o n a s i t c a n be s e e n on d a r k f i e l d t r a n s m i s s i o n e l e c t r o n micrograph. Ae / 2 = 2x10-.
P
Sample p r e v i o u s l y aged a t room temperature.Test frequency:O.O 1 2. The amplitude v a l u e , a , of s t r e s s i n s t a b i l i t i e s i s s t r o n g l y dependent on t h e t e s t frequency ( f i g u r e 5). Above a t e s t frequency of approximatively 0.2 Hz, s t r e s s i n s t a b i l i t i e s r o u
l d n o t be d e t e c t e d . I n a q u a l i t a t i v e way, i t can be observed, a s i n f i g u r e 5 t h a t t h e maximum v a l u e of t h e parameter a i s reached a t a frequency of about 8.
Hz corresponding t o a p l a s t i c s t r a i n r a t e of 6.66.10-~ s -l . Moreover, v e r y l i t t l e evolution of i n s t a b i l i t i e s a r e observed a t lower s t r a i n r a t e s . 
It was n o t i c e d t h a t t h e s t r e s s i n s t a b i l i t y phenomenon i s t y p i c a l of binary A1-Li a l l o y s which form 6 ' p r e c i p i t a t e s . Indeed, i n t h e c a s e of t h e 0.7 W t % Al-L i a l l o y with l i t h i u m atoms i n a s o l i d s o l u t i o n , we have never observed s t r e s s i n s t ab i l i t i e s i n s p i t e of a very l a r g e range of v a r i a t i o n of f a t i g u e parameters ( t e s t f r equency and f a t i g u e s t r a i n amplitude).

On a sample p r e f a t i g u e d a t room temperature i n t h e s t a b i l i z e d s t r e s s range a decrease of t h e f a t i g u e temperature l e a d s t o a diminution of t h e s t r e s s inst a b i l i t y amplitude. Moreover, no s t r e s s i n s t a b i l i t i e s could be observed on t h e 2.50 W t % A1-Li a l l o y aged a t room temperature, when t h e t e s t temperature i s lower t h a n 0°C. I n t h e same way, no s t r e s s i n s t a b i l i t i e s could be d e t e c t e d on t h e 2.5 W t % A1-Li a l l o y aged a t 150°C f o r f i v e h o u r s when t h e f a t i g u e t e s t temperature i s below
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FIG. 5 -Q u a l i t a t i v e v a r i a t i o n of FIG. 6 -E f f e c t of an ageing time a t s t r e s s i n s t a b i l i t y amplitude a s a room temperature a f t e r stopping i n t h e f u n c t i o n of t h e t e s t frequency. Case
f a t i g u e process. A s t r e s s i n c r e a s e Ao i s of 2 . 5 W t % a l l o y aged two months a t observed when t h e f a t i g u e t e s t i s s t a rroom temperature. P l a s t i c s t r a i n amt e d again. Case of 2.5 W t % A1-Li a l l o y p l i t u d e : A E~=~. I O -~. Test a t room aged a t room temperature. temperature.
5. F i n a l l y , a t a given t e s t temperature f o r which s t r e s s i n s t a b i l i t i e s e x i s t , f o r i n s t a n c e a t room temperature, i f t h e f a t i g u e process is a r r e s t e d a t a given p o i n t of t h e f a t i g u e loop and t h e sample subsequently aged a t t h e same temperat u r e , a n i n c r e a s e i n s t r e s s , AQ ( f i g u r e 6) could be observed when t h e f a t i g u e t e s t i s s t a r t e d again. The small s t r e s s decrement i n f i g u r e 4 from A t o B, when t h e t o t a l s t r a i n of t h e sample i s kept a t a c o n s t a n t v a l u e , could be a s c r i b e d t o a weak r e l ax a t i o n phenomenon.
A f t e r one o r two f u r t h e r f a t i g u e c y c l e s , t h e f a t i g u e loop becomes i d e n t i c a l t o t h e one o b t a i n e d b e f o r e t h e a r r e s t of t h e f a t i g u e p r o c e s s . It is n o t i c e d t h a t t h e s t r a i n age hardening i s r i g o r o u s l y a s s o c i a t e d w i t h f a t i g u e s t r e s s i n s t a b i l i t i e s : no s t r e s s i n s t a b i l i t i e s were seen t o occur i f t h e r e i s no s t r a i n a g e hardening phenomenon.
F a t i g u e s t r a i n a g e hardening
The A r s t r e s s i n c r e a s e can b e q u a n t i t a t i v e l y s t u d i e d because t h e c o u p l i n g w i t h t h e above mentioned f a t i g u e machine i s n o t s o important a s i n t h e c a s e of f a t igue s t r e s s i n s t a b i l i t i e s .
For t h e same Sam l e p r e f a t i g u e d i n t h e s t a b i l i z e d s t r e s s range, f i g u r e 7 shows t h e dependence of A t t h e s t r e s s i n c r e a s e , a s a f u n c t i o n of a g e i n g time a t room temperature a f t e r a r r e s t i n g t h e f a t i g u e p r o c e s s (always a t t h e same p o i n t o f t h e s t ab i l i z e d f a t i g u e l o o p ) . With a g e i n g time, t h e s t r e s s i n c r e a s e , AD, i s r a p i d l y s t a b i l ized. A t room temperature, Ao s t a b i l i z e d t o a c o n s t a n t v a l u e a f t e r t e n minutes. 
FIG. 7 : E f f e c t of t h e a g e i n g time on t h e FIG. 8 -E f f e c t of t h e t e s t frequency
v a l u e of t h e maximum i n c r e a s e s t r e s s . Caof c y c l e d sample on t h e maximum increzs e of 2.5 W t % A 1 -L i a l l o y aged at-room s e s t r e s s o b t a i n e d by a r r e s t of f a t i g u e 1 temperature and p r e a l a b l y c y c l e d i n s t aand a g e i n g a t room t e m p e r a t u r e f o r t e n b i l i z e d r a n g e a t a s t r a i n amplitude of minutes. 2 . 1 0 -~. I n f i g u r e 8, t h e v a r i a t i o n of t h e maximum v a l u e of t h e s t r e s s i n c r e a s e , Ao, i s shown a s a f u n c t i o n of t h e f a t i g u e t e s t frequency. A s i n t h e c a s e of f a t i g u e s t r e s s i n s t a b i l i t i e s , t h e age hardening becomes s t a b i l i z e d a t frequency v a l u e s lower t h a n 8 . 1 0 -~ Hz.
DISCUSSION
When t h e s t r e s s i n s t a b i l i t y phenomenon was observed f o r t h e f i r s t t i m e , we n a t u r a l l y s u s p e c t e d i t t o becaused by some problemsln t e s t i n g machine. However, r ep e a t e d o b s e r v a t i o n s and innumerable f a t i g u e t e s t s showed t h a t i t was not o n l y a mac h i n e e f f e c t b u t a l s o t r u e m a t e r i a l e f f e c t t h a t was a s s o c i a t e d w i t h t h e p l a s t i c deformation of t h e specimen. Under e x a c t l y same c o n d i t i o n s of s e t t i n g of t e s t i n g machin e , when f a t i g u e t e s t s were performed w i t h ,-, 4 W t % A1-Cu a l l o y e x h i b i t i n g s h e a r a b l e 8" p r e c i p i t a t e s , we never observed s t r e s s i n s t a b i l i t i e s o r s t r a i n a g e hardening. However, we t h i n k t h a t c o n c l u s i v e evidences a r e given by f a t i g u e t e s t s i n t h e low temp e r a t u r e range f o r which t h e amplitude of s t r e s s i n s t a b i l i t i e s d e c r e a s e s a s t h e t e s t temperature i s diminished. A s a m a t t e r of f a c t , under t h e s e c o n d i t i o n s , a l l f a t i g u e parameters and s e t t i n g c o n d i t i o n s were kept r i g o r o u s l y i d e n t i c a l .
The t y p e of i n s t a b i l i t i e s observed seems t o resemble t h e t y p e C of t h e PORTEVIN-LE GHATELIER phenomenon d e s c r i b e d i n / I l / . Indeed, t h e rough drop i n t h e fat i g u e s t r e s s seems occur from a s t r e s s l e v e l t h a t corresponds approximatively t o t h e f a t i g u e s t r e s s l e v e l w i t h o u t i n s t a b i l i t i e s . However, PLC phenomenon i s g e n e r a l l y a s c r i b e d t o a dynamic i n t e r a c t i o n between d i s l o c a t i o n s and s o l u t e atoms / l o / . The f a c t t h a t no i n s t a b i l i t i e s a r e d e t e c t e d i n t h e 0.7 W t % A1-Li a l l o y suggests t h a t d i s l o c a t i o n -l i t h i u m i n t e r a c t i o n s a r e probably not involved i n t h e observed phenomenon. Thus t h e s t r e s s i n s t a b i l i t y seems t o be a s s o c i a t e d w i t h t h e S' p r e c i p i t a t e s i n t h e m a t e r i a l .
In t h e d i s c u s s i o n , i t w i l l b e considered t h a t small 6 ' p r e c i p i t a t e s a r e act u a l l y r e s p o n s i b l e of t h e s t r e s s i n c r e a s e Au. I n o r d e r t o determine t h e n a t u r e of t h e microscopic mechanism t h a t i s r e s p o n s i b l e f o r t h e s t r e s s i n s t a b i l i t y , t h e dependence on s t r a i n age hardening ( s t r e s s i n c r e a s e Au) w i t h temperature and s t r a i n r a t e , has been i n v e s t i g a t e d i n t h e c a s e of t h e 2 . 5 W t % a l l o y aged a t room temperature. The experimental procedure was t h e following : a f t e r an a r r e s t of t h e f a t i g u e t e s t a t a given p o i n t of t h e s t a b i l i z e d f a t i g u e loop, obtained by cycling a t room temperature and an ageing a t t h e same temperature f o r t e n minutes, t h e temperature of t h e sample was decreased up t o a given temperature between room and l i q u i d n i t r o g e n temperaturesThen, a t a given s t r a i n r a t e , t h e f a t i g u e t e s t was s t a r t e d again i n o r d e r t o determine t h e corresponding value of t h e s t r e s s i n c r e a s e Au. A f t e r t h i s f a t i g u e t e s t a t low temperature, t h e temperature of t h e sample was increased up t o t h e room temperature and t e n f a t i g u e c y c l e s were performed i n o r d e r t o o b t a i n t h e previous s t a b i l i z e d f a t i g u e loop.
I n o r d e r t o determine a new v a l u e of t h e s t r e s s i n c r e a s e , AD, corresponding t o d i f f e r e n t c o n d i t i o n s i n temperature and i n p l a s t i c s t r a i n r a t e , a new sequence of t e s t s was then c a r r i e d out from one a r r e s t on t h e f a t i g u e loop, e x a c t l y a t t h e same p o i n t t h a t t h i s defined i n t h e previously t e s t . D i f f e r e n t v a l u e s of s t r e s s i n c r e a s e s Ao were t h u s obtained with d i f f e r e n t c o n d i t i o n s i n temperature T and i n p l a s t i c s t r a i n r a t e , B . According t o t h e theory of t h e thermally a c t i v a t e d deformation, t h e t h r e e v a r i a b l e s 6 , T and Au a r e r e l a t e d by t h e following expression :
, with E o t h e pre-exponential f a c t o r , k t h e BOLTZMANN1s constant lkTl , , and AG t h e a c t i v a t i o n energy. According t o experimental c o n s i d e r a t i o n s , it i s possib l e t o assume t h a t t h e s t r e s s i n c r e a s e Ao i s t h e e f f e c t i v e s t r e s s component, t h e f at i g u e s t r e s s of ( s e e f i g u r e 6) being considered a s t h e i n t e r n a l s t r e s s . I n t h e s e cond i t i o n s , i t immediately follows t h a t : w i t h AGO t h e t o t a l a c t i v a t i o n energy, v t h e a c t i v a t i o n volume, s t h e mean SCHMID1s f a c t o r and u = u + Au. By t h e a n a l y s i s method proposed by U.F. KOCKS and a l . 1 1 2 1 , Ao t h e p r o f i l e of t h e thermal b a r r i e r ( s -= f ( v ) with p t h e shear modulus) has been P determined.
Because t h e i n t h e s t r e s s i n c r e a s e , A u , i s r a t h e r insens i t i v e t o t h e s t r a i n = 20), it h a s been considered /11/ t h a t t h e ' . Therefore, t h e b a r r i e r p r o f i l e can a c t i v a t i o n volume may be given by v = kTa u T be determined. It i s reported i n f i g u r e 9 I n f a c t , one may g e n e r a l l y consider 1 1 2 1 t h e v a r i a t i o n of t h e a c t i v a t i o n energy AG w i t h t h e applied s t r e s s o t o be given by :
9 AG = AGo[l -(??I , where p and q a r e constant parameters and 2 i s t h e resolved i shear s t r e s s v a l u e a t t h e t o p of t h e b a r r i e r corresponding t o t h e v a l u e o f s b r a t 0°K. The v a l u e of parameters p and q and of t h e t o t a l a c t i v a t i o n energy AGO can be i d e n t i f i e d from t h e experimental values of t h e o b s t a c l e p r o f i l e reported i n f i g u r e 9 ,f i l e derived from mesu5emehts of SAG a s a f u n c t i o n o f € and T. Case of t h e 2.5 W t % a l l o y aged a t room emperature and cycled a t 12 = 2. f o r 500 c y c l e s . S t r a i n age hardening f o r 10 mn. V a r i a t i o n of sAo/v v e r s u s t h e a c t i v a t i o n volume i n b (b : t h e burgers v e c t o r of d i s l o c a t i o n s ) ACTIVATION VOLUME ( b 3 4 boundary i n s i d e t h e p r e c i p i t a t e . A s a m a t t e r of f a c t i n t h e c a s e of very small p r e c i p i t a t e s , i t i s very g e n e r a l l y accepted t h a t t h e s h e a r i n g of p r e c i p i t a t e s can be c o n t r o l l e d by t h e c r e a t i o n of an i n t e r f a c e s t e p 1131. For A 1 L i -p r e c i p i t a t e s 3-t h i s mechanism can be predominant i f t h e average diameter of p r e c i p i t a t e s becomes lower than approximately 1.5 nm 161.
I n conclusion of t h i s d i s c u s s i o n , i t appears t h a t t h e f a t i g u e s t r a i n a g e hardening and t h e r e f o r e t h e s t r e s s i n s t a b i l i t y phenomenon seems t o b e r e l a t e d w i t h
t h e s h e a r i n g of small 6' p r e c i p i t a t e s c o n t r o l l e d by t h e c r e a t i o n of an i n t e r f a c e s t e p . F i n a l l y , t h e mechanical i n s t a b i l i t y of t h e f a t i g u e s t r e s s could be due t o t h e i n s t a b i l i t y of s m a l l d ' p r e c i p i t a t e s , a s a r e s u l t of s u c c e s s i v e r e v e r s i o n s and p r e c i p i t a t i o n s ofthe&'phase i n t h e matrix r e l a t e d w i t h t h e movement of d i s l o c a t i o q Despite of v e r y s t r o n g arguments i n favour of t h e i n t e r a c t i o n s between d i s l o c a t i o n s and S m a l l~' p r e c i p i t a t e s , t h e e f f e c t of d i s l o c a t i o n -l i t h i u m atom i n t e r a c t i o n s cannot be e n t i e r l y r e j e c t e d . Therefore 
